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Introduction:  In vitro and in vivo studies of anesthetic agents have demonstrated 
serious neurotoxic effects on the developing brain.  However the clinical 
relevance of these findings to children undergoing anesthesia remains unclear. 
Using data from a sibling birth cohort, we assessed the association between 
exposure to anesthesia in the setting of surgery under three years of age and the 
risk of developmental and behavioral disorders.   
 
Methods:  We constructed a retrospective cohort of 10,450 siblings who were 
born between 1999 and 2005 and who were enrolled in the New York State 
Medicaid program. The exposed group was 304 children without prior history of 
developmental or behavioral disorders who underwent surgery under three years 
of age.  The unexposed group was 10,146 children who did not receive any 
surgical procedures under three years of age. Exposed children were entered 
into analysis at the date of surgery.  Unexposed children were entered into 
analysis at age 10 months (the mean age at which exposed children underwent 
surgery).  Both exposed and unexposed children were followed until diagnosis 
with a developmental or behavioral disorder, loss to follow up, or the end of 2005. 
The association of exposure to anesthesia with subsequent developmental and 
behavioral disorders was assessed with both proportional hazards modeling, and 
pair-matched analysis. 
 
Results:  The incidence of developmental and behavioral disorders was 128.2 
diagnoses per 1000 person-years for the exposed cohort and 56.3 diagnoses per 
1000 person-years for the unexposed cohort.  With adjustment for sex and 
history of birth-related medical complications, and clustering by sibling status, the 
estimated hazard ratio of developmental or behavioral disorders associated with 
any exposure to anesthesia under three years of age was 1.6 (95% CI 1.4, 1.8).  
The risk increased from 1.1 (95% CI 0.8, 1.4) for one surgery to 2.9 (94% CI 2.5, 
3.1) for two surgeries and 4.0 (95% CI 3.5, 4.5) for three or more surgeries.  The 
risk in a matched analysis of 138 sibling pairs was 0.9 (95% CI 0.6, 1.4) 
 
Conclusion:  The risk of being subsequently diagnosed with developmental and 
behavioral disorders in children who are enrolled in a state Medicaid program 
and who undergo surgery under three years of age is 60% greater than that of a 
similar group of siblings who do not undergo surgery. More tightly-matched pair-
wise analyses indicate that the extent to which the excess risk is causally 
attributable to anesthesia or mediated by unmeasured factors remains to be 
determined.     
 
 
   
 3 
INTRODUCTION 
Laboratory studies have demonstrated that commonly used anesthetic 
agents have neurotoxic effects in infant rats and other animals. 1, 2  These effects 
are thought to be mediated through actions at the N-methyl-D-aspartic acid 
glutamate (NMDA) receptors and/or  γ –aminobutyric acid (GABA) receptors, 3  a 
process similarly proposed for fetal alcohol syndrome. 4  
Since first described, the laboratory evidence has accumulated with 
repeated demonstrations of anesthesia-induced neuronal damage and death in 
vitro and impaired neurobehavioral functions in vivo under varying experimental 
conditions, and investigations of potential interventions to mitigate against their 
effects. 5-7  
The clinical relevance of these studies has been called into doubt. Infant 
rats have relatively short vulnerable synaptogenic period in contrast to humans, 
and relatively high doses of anesthetic agents and long duration of anesthetic 
exposure have been employed to trigger apoptosis, indicating that any 
extrapolation to humans would require frequent, repeated exposure over a long 
period of time.  The possibility that the effects in rodents might be due to hypoxia 
rather than the anesthetic agents, would be prevented in the clinical setting 
through careful, continuous monitoring. 8  Notably, the studies were not 
performed in animals undergoing surgery, and in one instance in which animals 
received anesthesia in the presence of inflammation, simulating surgical 
anesthesia, ketamine attenuated the impaired neurocognitive behaviors induced 
by neonatal exposure to inflammatory pain. 9  
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Ultimately, the experimental studies cannot include those variables that 
are important in the clinical setting such as maternal history and the use of 
antecedent treatment during pregnancy, labor and delivery, confounding factors 
due to indications for surgery and pre-existing conditions, and environmental or 
ecological characteristics. 
At least two prospective studies are underway to determine whether the 
experimental animal-based evidence has implications for humans. 10, 11  In the 
meantime, the clinical evidence to date consists of analyses of existing data with 
sometimes-conflicting results.   
A population-based retrospective cohort of anesthesia exposure in the 
1970’s and 1980’s found a 60% increased risk following more than one 
anesthetic exposure. 12. A retrospective cohort analysis of 1991-2002 New York 
State Medicaid data found a two-fold increased risk for having had inguinal 
surgery prior to age 3 and subsequent developmental or behavioral diagnoses. 13 
Both studies controlled, as much as the data would allow, for pre-existing 
medical conditions, age, gender and socio-economic status.  More recently, a 
study based on analyses of a Dutch twin registry did not find conclusive evidence 
for a causal relationship between exposure to anesthesia and subsequent 
cognitive deficit. 14  
Our purpose in this study is to assess the association of anesthesia in the 
setting of surgery with subsequent developmental or behavioral diagnoses in a 
retrospective birth cohort of siblings nested in a previously studied cohort of 
children from whom an association between anesthesia and developmental 
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outcomes has been demonstrated. 13  By establishing sibling status and 
comparing exposed to unexposed siblings, we aim to control for important 
variables such as age, home environment, parenting style, educational systems 
and neighborhood or ecological characteristics.   
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MATERIALS AND METHODS 
The study protocol was reviewed and approved as exempt by the 
Columbia University Institutional Review Board. 
Data Sources  
The study was based on New York State Medicaid Analytic Extract (MAX) 
files for 1999 to 2005. 15   Medicaid MAX files are a complete set of person-level 
data files on all state residents who received Medicaid-funded inpatient, 
outpatient, and long-term care service utilization including prescription drug use.  
Medicaid is a federal, state, and in New York State, a locally funded health 
insurance program with locally determined income, age, and disability 
requirements.  To be eligible for Medicaid, a person must belong to a “Category” 
and meet strict financial tests.  The general eligibility categories are (1) poor 
children and their parents (2) the disabled and (3) the elderly. Medicaid MAX files 
are a complete set of person-level data files on all state residents who received 
Medicaid-funded inpatient, outpatient, and long-term care service utilization 
including prescription drug use.  Medicaid provides coverage to 26% of all 
children in the U.S (50% of all low-income children), 37% of all pregnant women, 
and 20% of all adults. 16   New York State is among the more generous Medicaid 
programs and covers approximately 50% of all births in the state. 17 
This administratively collected large data set consists of 4 separate files:  
demographic characteristics of enrollees, inpatient admission and discharge 
data, outpatient service utilization including clinic, private physician and 
emergency department care and prescription medication records.  The files are 
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linkable through a Medicaid identification number.  Available variables include:  
patient age, gender, ZIP code of residence, ethnicity, language spoken, 
beginning and ending dates of eligibility, dates of service, length of stay, principal 
and up to 9 additional International Classification of Diseases, Ninth Revision-
Clinical Modification (ICD-9-CM) diagnosis codes, procedure dates and codes, 
place of service (e.g. emergency department, outpatient clinic), provider 
identification codes, prescription dates and national drug codes for medications 
as well as cost of care. 18     
The data files are compiled by the Centers for Medicare and Medicaid 
Services (CMS) from claim information provided by the New York State 
Department of Health.  Health care providers submit standardized claims 19  that 
include clinical information that is commonly abstracted from patient charts by 
non-clinician administrative personnel.  Demographic data such as race and 
ethnicity designations are based on administrative data collected by CMS from 
information provided by enrollees as part of their application.  CMS routinely 
conducts validation studies of MAX data and researchers have analyzed and 
evaluated the reliability of these data for studies of outpatient psychiatric and 
behavioral diagnoses in New York State. 20  
Birth Cohort  
We searched Medicaid MAX files for system-specific codes for maternal 
and newborn admissions as well as delivery-related first or primary ICD-9  “V 
series” diagnosis codes to identify children who were born in New York state 
between 1999 and 2005. For each uniquely identified birth, we searched primary 
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and secondary ICD-9 codes for any of 41 delivery or birth-related diagnosis that 
would indicate a complication at the time of birth.‡ 
We identified 635,758 complete New York State Medicaid entries for births 
between 1999 and 2005.  There was a 17.3% loss to follow-up over four years, 
with no statistically significant difference in the rate of surgical procedures 
between children lost to follow up and those who remained in the cohort. 13  
Children who were lost to follow up were censored from analysis on the final 
calendar date of the final year for which they were enrolled in Medicaid. 
After excluding entries for routine interventions such as vaccinations, 
antibiotic administration, and physical examination, there were a total of 243,238 
procedures among the 635,758 births. Circumcision, which accounted for 
164,672 (67.7%) of the 243,238 procedures, was also excluded.  Approximately 
9% (60,319) of the children born into New York State Medicaid between 1999 
and 2005 received a developmental or behavioral diagnosis by the end of 2005, 
the most common (73.3%) being “developmental delay”.  
Sibling Cohort 
From the 635,758 individual births, we identified 15,781 births in the New 
York State Medicaid population with ICD-9 codes for twin-sibling deliveries 
("V3300", "V330", "V3301", "V310", "V3100", "V3101").  These 15,781 births 
were exclusive of multiple births with more than two babies from a single 
pregnancy.  Using a combination of the variables for date of birth, zip code of 
residence, provider identifier, and hospital identifier we successfully matched 
11,648 twin-sibling births (73.8%) into 5,824 twin-sibling pairs.  We were unable 
                                                
‡ A list of the ICD-9 codes used to identify birth-related complications is included as an appendix. 
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to match the remaining births due to missing or miscoded variables. The 
unmatched children were, on average, 5 months older than the children we were 
able to successfully match (44 months vs. 39 months, p=0.001).  They did not 
differ from children who we were able to successfully match in terms of gender, 
surgical / anesthetic exposure, or behavioral/developmental diagnoses. 
Exposures 
We defined exposure as an inpatient or outpatient ICD9 procedure code 
indicative of exposure to general anesthesia in a child under age three years who 
had no previous developmental or behavioral diagnosis. Exposure status was 
determined using procedure codes because there is no explicit code for 
anesthesia exposure, and because it is not possible to consider anesthesia 
separate from the surgical procedure for which it is administered.  
The definition of a billable procedure code is set by New York State 
Medicaid and applied consistently across all hospitals.  We treated multiple 
procedure codes for the same date of service as a single exposure with the type 
of procedure defined by the primary billable procedure. 
There were 668 procedure codes prior to age of 3 years for 11,648 
children.  We excluded 364 children who had a pre-existing developmental or 
behavioral diagnosis prior to undergoing a surgical procedure.  We also excluded 
23 neurosurgical, 25 cardiac, 9 palatal, and 2 diaphragmatic procedures.  This 
restriction was based on an assumption that these children had pre-existing 
conditions likely to result in the types of behavioral/developmental diagnoses in 
which we were interested and that these procedures would confound the 
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relationship between surgery/anesthesia and behavioral/developmental 
disorders. 
The exposed group consisted of 304 children with a record of a 
surgical/anesthetic exposure before age three years and no recorded history of a 
developmental or behavioral diagnosis before the date of surgery. The 
unexposed group consisted of 10,146 children with no recorded history of 
surgery/anesthesia prior to age three years and no recorded history of a 
developmental or behavioral diagnosis prior to age 10 months (the average age 
at which exposed children were diagnosed). Children in the unexposed cohort 
who were diagnosed with a developmental or behavioral disorder before age 10 
months were excluded from the analysis. Consequently, there were 304 children 
in the exposed cohort and 10,146 children in the unexposed cohort. A flow chart 
detailing the selection of study subjects is presented in figure 1. 
Outcomes  
We defined our outcome as an ICD9 diagnosis code for autism ('200' and 
'20081'), unsocial and social conduct disorders ('312', '31212', '31220' and 
'31223'),  developmental delay ('3154' and '3159'), reading and language 
disorders ('3149' and '31539'), attention deficit and hyperkinetic disorders 
('31400' and '3149'), and other emotional or conduct disorders ('31239' and 
'3139').  We chose this group of diagnoses because there is no current best 
evidence on what, if any cognitive, neurodevelopmental or behavioral outcomes 
may be associated with anesthesia and these disorders represent a fairly broad 
spectrum of potential behavioral/developmental problems in early childhood.   
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Analysis  
We tabulated information on patient age in months, gender, race, 
diagnoses of complications at birth, exposure procedures and outcome 
diagnoses, dates of exposure, whether exposure procedures were conducted as 
an inpatient or an outpatient, dates of outcome diagnoses, and dates of loss to 
follow up.  
For exposed children, person-years of follow up were calculated from the 
date of surgical procedure until the date of a behavioral/developmental diagnosis, 
loss to follow up or censoring due to the end of the study on 31 December 2005.  
For unexposed children, person-years of follow up were calculated from age 10 
months (the average age at which exposed children underwent a surgical 
procedure) until the date of a behavioral/developmental diagnosis or censoring 
due to the end of the study on 31 December 2005 or loss to follow up.   
 We determined surgery/anesthesia exposure rates, incidence of 
behavioral and developmental diagnoses among exposed and unexposed 
children and calculated rate ratios and Kaplan-Meier survival curves for 
censoring up to either date of outcome diagnosis or end of study.   We conducted 
proportional hazards modeling controlling for confounding due to medical history 
of birth-related complications such as low-birth weight, and for male gender. We 
controlled for matching due to sibling status by including a clustering variable. 21 
We conducted an additional pair-matched analyses conditioned on sibling status 
and gender calculating an adjusted relative risk estimate. 22-24  
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As a sensitivity analysis we assessed the potential magnitude of 
unmeasured confounding by repeating our calculations for the association of 
exposure to surgery/anesthesia with behavioral/developmental diagnosis 
restricted to children who received an outcome diagnosis before being exposed.  
Follow up for this group was calculated from date of birth till the date of surgery.   
The unexposed group for this comparison consisted of children who did not have 
surgery under three years of age followed until the average age of surgery in the 
exposed group. 
 Data sets were created using PROC SQL. 25   and analyzed using both 
SAS 9.1 and the R statistical program. 26  




Unmatched Analysis of The Study Group 
Of the 304 exposed children 210 (68%) had a single exposure, 71 (23%) 
had two exposures, 23 (8%) had 3 or more exposures.  Over half (54%) of 
surgical procedures involved an inpatient admission. The most frequent surgical 
exposure was inguinal hernia repair.  (Table 1) The average age at which an 
exposed child underwent a procedure was 10 months (95% CI 7 months, 14 
months).  
Among these 304 children who had a surgical / anesthetic exposure as 
defined for the study, 75 subsequently received a developmental or behavioral 
diagnosis. The observation period for exposed children from time of procedure to 
time of diagnosis, study end or loss to follow up was 585 person years, for an 
incidence rate of 128.2 developmental or behavioral diagnoses  per 1,000 
person-years of observation (75 diagnoses / 585 person-years x 1000). The 
average age at which an exposed child received a developmental or behavioral 
diagnosis was 18 months (95% CI 14, 22 months). 
Of the 10,146 unexposed children, 896 received a developmental or 
behavioral diagnosis after 10 months of age. The total observation period for 
unexposed children, calculated from age 10 months to day of diagnosis, loss to 
follow up or study end, totaled 15,917 person years.  The incidence rate for 
outcomes among unexposed children was 56.3 developmental or behavioral 
diagnoses per 1,000 person-years of observation (896 diagnoses / 15,917 
person-years x 1000).  The most common developmental or behavioral diagnosis 
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for both exposed and unexposed children was ‘unspecified developmental delay’.  
(Table 2) 
One hundred ninety eight (65.4%) of the 304 exposed children had a 
history of a complication at birth, the most common of which were low birth 
weight (93/304=30.7%), followed by perinatal infection (60/304=19.8%) and 
perinatal hypoxia (31/304=10.2%).  Among the unexposed children 6,542 
(59.9%) had a history of a complication at birth, with 3,052 (27.8%) having a 
diagnosis of low birth weight, 2,384 (21.6%) having a diagnosis of perinatal 
infection and 610 (5.5%) having a diagnosis of perinatal hypoxia. 
In a proportional hazards model controlling for a history of complication at 
birth and gender and including a clustering variable for sibling status,  the hazard 
ratio for the association of any prior surgery/anesthesia with subsequent 
behavioral/developmental diagnosis was 1.6 (95% CI 1.4, 2.8).   In this model, 
the hazard ratio was 1.4 (95% CI 1.3, 1.5) for male gender and 1.5 (95% CI 1.4, 
1.6) for a history of complication at birth.  The Kaplan-Meir survival curve for any 
exposure adjusted for birth complications and gender is presented in figure 2.  
When the analysis was restricted to only children who did not have a history of a 
birth complication, the hazard ratio associated with prior surgery/anesthesia was 
1.6 (95% CI 1.1, 2.0) and that for gender was 1.7 (95% CI 1.4, 1.9). 
Ninety-four of the 304 exposed children had more than one surgical 
procedure during the study period.  In a proportional hazards model assessing 
the association of multiple surgical/anesthetic exposures with subsequent 
behavioral/developmental diagnosis the hazard ratio was 1.1 (95% CI 0.8, 1.4) 
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for a single exposure, 2.8 (95% CI 2.5, 3.1) for two exposures, and 4.0 (95% CI 
3.5, 4.4) for three or more exposures (Table 3) 
Sibling-Matched Analysis of Exposure and Outcomes 
There were 138 sibling pairs in which one sibling was exposed to 
surgery/anesthesia and the other was not. In 11 of these sibling pairs both 
children had a subsequent behavioral/developmental diagnosis, and in 107 
sibling pairs neither child had a diagnosis.  Of the remaining 20 discordant sibling 
pairs, in 9 sibling pairs, the exposed sibling had a subsequent diagnosis while the 
unexposed sibling did not, and in the other 11 sibling pairs, the unexposed sibling 
had a subsequent diagnosis while the exposed child did not. This resulted in a 
matched relative risk of 0.9 (95% CI 0.6, 1.4). 
Sensitivity Analyses  
To assess the potential magnitude of unmeasured confounding we 
examined the association of a developmental or behavioral diagnosis before the 
occurrence of a surgical procedure.  Six hundred sixty-eight children underwent 
surgery under age three years accumulating a total of 1,483 person-years of 
follow up from birth until time of surgery.  Of these 668 children,  365 had a 
developmental or behavioral diagnosis before surgery occurred for an incidence 
rate of 24.6 diagnoses per 100 person years of observation (365 diagnoses / 
1,483 person years x 100). 
Among 7,197 children who did not have surgery under age three years, 
1,454 were diagnosed with a behavioral/developmental disorder before age 27 
months (the average age at surgery for the 668 children) yielding an incidence 
   
 16 
rate of 18.6 diagnoses per 100 person years(1,454 diagnoses / 7,827 person 
years x 100).  The estimated incidence rate ratio between the two groups was 
1.3 (95% CI 1.2, 1.4). 
 
DISCUSSION 
In this nested cohort study the incidence of developmental and behavioral 
disorders in children exposed to anesthesia in the setting of surgery was 128.2 
diagnoses  per 1000 person-years compared to 56.3 diagnoses per 1000 person-
years for the unexposed cohort.  The adjusted estimated hazard ratio of 1.6 for 
any exposure is lower than that from our prior findings in a population from which 
this cohort was derived. 13  By matching on sibling status, these results more 
precisely control for the effects of age, family and social environment and uterine 
exposures.   
Our results are consistent with those of other investigators. As in a 
population-based retrospective study of cognitive outcomes, 12 the effect of 
anesthesia and surgery could be seen to be dose dependent.  But, as in twin-
registry study, 14 when restricted to pair-wise concordant-discordant analysis, 
there was no effect, although dose response was not measured in this study.   
In this analysis, we attempted to further refine the important role that bias 
and confounding factors play in assessing any causal relationship between 
anesthesia and developmental or behavioral outcomes in children.  Clinical 
studies 27, 28  have demonstrated that children who require surgery at early ages 
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differ in important ways from children who do not, and that those differences play 
a role in any potential risk attributed to anesthesia or surgery.  
We, for example, excluded most of the ENT cases for the reason that they 
very frequently involved procedures such as ear tube placement that would 
impact on the outcomes we were measuring.  Although they might have been 
conducted for indications such as sleep apnea, we decided to keep in 
tonsillectomy and adenoidectomy.  Our choice was guided by trying to balance 
those surgeries that were clearly and a priori potential confounders with the 
desire to be as inclusive as possible to increase the external validity of the study.  
For this reason, we excluded those ENT cases which involved ear tube 
placement but not T&A,  although they may have been conducted for indications 
such as sleep apnea. 
Use of sibling controls is an effective way to minimize confounding by variables 
that are important yet difficult to measure, such as household and neighborhood 
environments. 29   By comparing the results of the present study to those of our 
previous analysis that did not use sibling controls,13  we can further describe and 
quantify the role of such confounding.  Although the association between 
anesthesia in the setting of surgery and neurodevelopmental disorders remains 
statistically significant after controlling for sibships, socioeconomic status, age, 
home environment, parental factors, past medical history, gender and (to a much 
less extent) genetic pre-disposition to neurodevelopmental disorders appear to 
account for nearly half of our previously observed effect size.13  Similarly, by 
demonstrating and measuring a significant association among a group of children 
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for whom behavioral/developmental diagnoses predated surgery/anesthesia, we 
conclude that an important proportion of the association measured in the overall 
analysis of the sibling cohort may not be causally attributable to 
surgery/anesthesia. 
We chose survival analytic methods controlling for clustering by sibling 
status, rather than conditional logistic regression or general estimating equations, 
so that we could more directly compare our results to our previous survival 
analyses.  We supplemented that approach with a more restrictive pair-matched 
analysis.  That our frequency-matched analysis did not closely approximate our 
pair-matched analysis can be attributed to two main reasons. First, the pair-
matched analysis was based on a small subset of the study sample used in the 
frequency-matched analysis.  There were insufficient numbers.  An additional 
discordant sibling pair in either direction would have resulted in a meaningfully 
different result. And second, the pair-matched analysis presumably is far less 
susceptible to confounders than the unmatched analysis.  Thus, the pair-
matched analysis provides a more valid but less precise estimate than the 
frequency-matched analysis.   
This study is subject to a number of limitations that require circumspection 
in interpreting these results. While the reliability of using Medicaid databases for 
analyzing behavioral and developmental diagnoses 20 has been demonstrated,  
and the 635,758 births we identified represent 50.3% of all births in New York 
State for that time period, 17 children born into Medicaid differ from the general 
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population in ways that affect their health and medical care utilization, 30 and that 
make them more likely to suffer mental illness. 31 
The rates of behavioral/developmental disorders in the population we 
studied were higher than those reported in the general population. 32 In addition 
to reports of earlier and more frequent neurodevelopmental diagnoses in 
Medicaid children, 33, 34 multiple births are at increased risk of pre-term and small 
for gestational age delivery 35, 36 prematurity and all that entails, and our 
exclusion criteria artificially minimized the denominators in our incidence 
calculations.   
The administrative data set did not contain any information on the zygosity 
of the sibling pairs.  For this reason, and because dizygotic or fraternal twin births 
greatly outnumber monozygotic or identical twin births, the study can only be 
interpreted as a sibling cohort.  The study cannot speak to genetic differences or 
similarities as did the Bartel Dutch registry study. 14   We do though, believe 
establishing sibling status helps to control for important variables such as, uterine 
environment, home atmosphere, parenting style and upbringing, educational 
systems and neighborhood or ecological characteristics, in which the units of 
analysis are populations or groups of people, rather than individuals.  The data 
set similarly did not contain information on which anesthetic agents were used 
and their duration of exposure.   
While we, among others, have put large administrative health data sets to 
public health use, 37, 38 administrative data is a blunt instrument to assess 
possibly subtle neurocognitive outcomes. There will, inevitably, be measurement 
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error, particularly in diagnoses which are abstracted by non-clinical personnel 
and must conform to insurance billing standards.  Notably, such errors are likely 
to be ‘non-differential’ in epidemiological terms, in that they are as likely among 
exposed as among unexposed, and would be expected to bias results toward no 
or a null association.  In this study, though, it is important to note that the large 
majority of outcomes were entered as “non-specific delay”.  These assessments 
were likely to be just that, and many children were likely to recover and “catch 
up” from these delays.  Our data set, though, cannot capture those recoveries.  
There is no insurance billing code for that kind of return to a non-diagnosable 
status.  This is likely to be the case for many administrative data sets. 
Administrative data is also vulnerable to the issue of duplicate records.  
Medicaid, for example, may include records for the same diagnostic event on 
different dates if they are accepted as separate billable visits.  This is a particular 
concern for outpatient visits for chronic conditions and may result in both an 
overestimation of absolute numbers of visits and relative measures of 
association.  This problem may be compounded by beneficiaries who fall out of 
eligibility thus lowering the denominator at risk. We attempted to limit outcomes 
to the first occurrence of a diagnosis during a period of eligibility, and strictly  
While anesthesia may be independently and perhaps causally associated 
with behavioral and developmental pathology in young children, it will be difficult 
to establish causality based on the secondary analyses of observational 
epidemiological data.  The population-level mixing of individual factors 
associated with both the indication for anesthesia and with neurodevelopmental 
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diagnoses pose a formidable barrier to pursing a counterfactual approach, where 
children differ solely on exposure to anesthesia.  While we await the results of 
current and planned prospective clinical studies and trials we can consider how 
the results of these and other observational epidemiological studies may inform 
additional research.  
 A productive line of inquiry may lie at the ecologic level.  There is a large 
literature documenting the importance of social environment in educational 
attainment as well as in general morbidity and mortality. 39-41  Surgery or 
anesthesia may interact with or lower the threshold for the causal effects of 
ecologic-level variables such as home or educational environment.  
We suggest that while efforts directed toward prospective cohort studies 
be supported, additional analyses of existing data would most profitably 
contribute evidence to help guide future efforts if they compare and contrast 
different populations, examine the potential role of effect modifiers and 
mediators, more precisely measure and elucidate both exposures and outcomes 
or utilize analytic methods to address such issues as unmeasured confounding. 
Both clinicians and parents may rightly ask what, if any, changes or 
interventions in practice are warranted.  At present, the strongest evidence is 
laboratory-based.  While there is clinical evidence that anesthesia in the setting 
of surgery in children younger than three years is associated with subsequent 
developmental or behavioral diagnoses, the apparent association may well be 
due to confounding factors and a causal relationship remains unproven. This 
study similarly does not change current recommendations, and children who 
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require surgery should not forgo any necessary procedure.  Revision of current 
clinical guidelines must await more conclusive epidemiologic evidence from 
rigorously designed and meticulously executed studies.   
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TABLES AND FIGURES 










Table 1. Frequency and percentage of surgical procedures, based on ICD-9 procedure 
codes, siblings born into New York City Medicaid 1999-2005. 












Inguinal Hernia Repair 364 (54.5%) 199 (65.3%) 
Repair Of Gastroschisis 162 (24.2%) 13 (4.3%) 
Exploratory Laparotomy 34 (5.1%) 5 (1.7%) 
Appendectomy 22 (3.3%) 19 (6.3%) 
Pyloromyotomy 16 (2.4%) 16 (5.3%) 
Tonsillectomy/Adenoidectomy 14 (2.1%) 7 (2.3%) 
Partial Small Bowel Resection 13 (1.9%) 13 (4.3%) 
Hemicolectomy 7 (1.0%) 7 (2.3%) 
Create Esophagastric Sphincter 6 (0.9%) 2 0.7%) 
Closed Fracture Reduction Femur 6 (0.9%) 6 (2.0%) 
Closed Reduction Internal Fixation 
Humerus 
5 (0.7%) 3 (1.0%) 
Left Hemicolectomy 3 (0.4%) 3 (1.0%) 
Small Bowel Stoma Closure 3 (0.4%) 1 (0.3%) 
Cleft Palate Correction 2 (0.3%) 2 (0.7%) 
Incision Perianal Abscess 2 (0.3%) 2 (0.7%) 
Laparoscopic Procedure 2 (0.3%) 1 (0.3%) 
Clubfoot Release 2 (0.3%) 2 (0.7%) 
Gastrostomy Closure 1 (0.1%) 0 
Closed Large Bowel Biopsy 1 (0.1%) 0 
Sigmoidectomy 1 (0.1%) 1 (0.3%) 
Ileostomy 1 (0.1%) 1 (0.3%) 
Large Bowel Stoma Closure 1 (0.1%) 1 (0.3%) 















Table 2. Frequency and proportion of behavioral/developmental diagnoses among 304 
children exposed to surgery/anesthesia with no history of behavioral/developmental 
diagnoses vs. 10,982 unexposed children followed from age 10 months. New York State 
Medicaid MAX files, 1999-2005. 
Diagnosis Exposed Unexposed 
Development Delay  62 (82.7%) 692 (77.2%) 
Language Disorder  5 (6.7%) 127 (14.2%) 
Attention Deficit 4 (5.3%) 30 (3.3%) 
Coordination Disorder  1 (1.3%) 14 (1.6%) 
Conduct Disorder 1 (1.3%) 20 (2.2%) 
Other*  2 (2.7%) 13 (1.5%) 
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Figure 2:  Kaplan-Meier Survival Curve time (in months) for individual twins with any 
exposure to surgery/anesthesia (dashed line) to twins not exposed to surgery/anesthesia 
(solid line) for subsequent behavioral/developmental outcomes, adjusted for birth-related 
complications and gender.  Log-rank test chi square=7.2 (p=0.008). Analysis based on 
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Table 3. Hazard ratios and 95% Confidence Intervals of behavioral/developmental 
outcomes in children exposed to surgery/anesthesia before age 3, adjusted for 
clustering by sibling status.  New York State Medicaid Data 1999-2005. 
 
Number of Surgeries 
Under 3 Years of Age 
Hazard Ratio 95% CI 
0 1  
1 1.1 (0.8, 1.4) 
2 2.8 (2.5, 3.1) 
3 or More 4.0 (3.5, 4.5) 
History of Complication 
at Birth 
  
No 1  
Yes 1.5 (1.3, 1.6) 
Gender   
Female 1  
Male 1.4 (1.3, 1.5) 
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001-139 ID parasites    
140-239 Neoplasm    
240-279 Endocrine, Metabolic, Immune    
280-289 Hematologic    
290-316 Mental including ETOH and Drug     
317-319 Mental Retardation    
320-326 CNS Inflammatory     
330-337 CNS Degenerative     
340-349 CNS Other     
350-359 PNS    
360-379 Eye and Adnexa    
380-389 Ear and Mastoid    
390-398 Rheumatic Disease     
401-404 Hypertensive Disease    
410-429 Cardiac     
430-438 CVD    
440-459 Circulatory including hemorrhage   
460-519 Respiratory including pneumonia    
520-549 GI    
550-553 Hernia Abd Cavity    
555-579 Other Intestinal including Liver    
580-608 GU including Renal     
610-629 Breast GYN    
640-648 Pregnancy complications including hemorrhage    
652-653 Malposition disproportion including 
hydrocephalus    
654-655 Congenital malformation     
656-659 Other Fetal Problems     
660-669 Complications of Labor    
670-675 Complications of puerperium    
680-709 Dermatological    
710-739 Musculoskeletal     
740-742 Congenital Anomaly CNS     
743-744 Congenital Anomaly EENT     
745-747 Congenital Anomaly Cardiac    
748-749 Congenital Anomaly Respiratory     
750-759 Congenital Anomaly Other including Down  s    
760-767 Low Birth Weight (<2500 grams) 
765 Prematurity 
768-770 Perinatal hypoxia    
771-779 Perinatal infection hemorrhage hemeotological    
780-799 Ill-defined signs symptoms    
V01-V02 exposed to ID     
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